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Attorney Docket: 842FR/50684 

PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: WOLFGANG SCHEIBE ET AL 

Serial No.: TO BE ASSIGNED PCT NO.: PCT/EP00/04815 

Filed: February 19, 2002 

Title: INJECTION VALVE FOR AN INTERNAL COMBUSTION 

ENGINE 

PRELIMINARY AMENDMENT 



Box PCT February 19, 2002 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please enter the following amendments to the specification, claims and 



abstract prior to the examination of the application. 

IN THE SPECIFICATION: 

A substitute specification and a marked-up copy thereof is attached 
herewith. 

IN THE CLAIMS: 

Please amend the claims as follows (a marked-up version of the 
amended claims is attached hereto): 

1. (Amended) An injection valve for an internal combustion engine 
comprising: a control valve, which is activated especially electromagnetically 
and, by means of a valve actuator, alternatively closes off or opens up an opening 
for the passages of a fluid, which is assigned to a sealing surface and, by these 
means, controls the pressure in a control pressure space, which is connected with 
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the passage opening, the valve actuator, in addition to an actuator sealing 
surface, which acts together with the sealing surface of the opening for the 
passage of fluid, having an actuator stop surface, which is disposed at a distance 
from the actuator sealing surface, the valve actuator having a valve rod which, in 
relation to the distance between the sealing surface and the stop surface of the 
actuator has an overlength, wherein, during the closing movement, the 
overlength is taken up by the elastic deformation of the valve rod. 

2. (Amended) The injection valve of claim 1, wherein the stop surface 
of the actuator is significantly larger than the sealing surface. 

3. (Amended) The injection valve of claim 1, wherein the valve 
actuator is formed with a one-part or a two-part valve rod. 

4. (Amended) The injection valve of claim 3, wherein the valve 
actuator contains a valve body, which touches the front face of the valve rod and 
contains the sealing surface of the actuator. 

5. (Amended) The injection valve of claim 4, wherein the valve body 
is constructed as a sphere, which interacts with the opening for the passage of 
fluid, forming a seal. 

6. (Amended) The injection valve of claim 3, wherein the sealing 
surface of the actuator is the front face of the valve rod formed by the valve 
actuator. 



1 
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7. (Amended) The injection valve of claim 3, wherein the valve 
actuator is essentially mushroom-shaped, the stem of the mushroom forming the 
valve rod and the stop surface of the actuator being an annular collar, 
concentrically surrounding the valve rod in the region of the mushroom cap. 



8. (Amended) The injection valve of claim 3, wherein the valve 
actuator is divided in a dividing joint into an actuator stop, having the stop 
Q surface of the actuator, and a valve rod, which is in operative connection with the 
i: sealing surface and the stop of the actuator. 

ni 

5 : S 

]S 9. (Amended) The injection valve of claim 3, wherein the actuator 

O stop is essentially mushroom-shaped, the stop surface of the actuator being an 
end face, contacting the valve rod in the region of the foot of the mushroom. 



v ~ 10. (Amended) The injection valve of claim 3, wherein the valve rod is 

guided axially movably in at least one guide bushing. 



11. (Amended) The injection valve of claim 10, wherein a guide 
bushing is disposed at a small distance from the sealing surface of the actuator. 



12. (Amended) The injection valve of claim 3, wherein the length of 
the valve rod is a multiple of its diameter. 



13. (Amended) The injection valve of claim 1, wherein the sealing 
surface is formed in the end face of a disk-shaped insert part and adjoins the 
control pressure space on the side averted from the sealing surface. 
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14. (Amended) The injection valve of claim 13, wherein the insert part 
is formed in two parts with a first part, which contains an opening for the 
passage of fluid and a discharge choke and a second part at the control pressure 
space side, with a borehole, which connects the control pressure space with an 
opening for the passage of fluid. 

15. (Amended) The injection valve of claim 14, wherein the second 
part contains an inlet choke, which is connected with the borehole. 

16. (Amended) The injection valve of claim 13, wherein the insert part 
contains an inlet choke in addition to the outlet choke. 

17. (Amended) The injection valve of claim 13, wherein the control 
pressure space is connected with an inlet choke. 

18. (Amended) The injection valve of claim 13, wherein the rear end of 
the valve needle, averted from the nozzle needle seat surface, lies in the control 
pressure space. 

19. (Amended) The injection valve of claim 18, wherein the insert part 
forms a stop for the valve needle. 

20. (Amended) The injection valve of claim 13, wherein the insert 
part, a centering and holding clamp and a sleeve, in which at least one valve rod 
and at least one guide bushing with the actuator stop surface is taken up, form a 
structural unit, which can be pre-adjusted by itself in relation to the protrusion 
of the valve rod. 



PCT NO.: PCT/EP00/04815 
Attorney Docket: 842FB/50684 

Please add the following new claims: 

21. (New) An injection valve for an internal combustion engine 
comprising: 

an opening having a sealing surface; 

a stop displaced a distance from the opening; and 

an electromagnetical control valve including: 

a valve actuator having an opening position and a closing position, 
the valve actuator including: 

an actuator sealing surface that engages the sealing surface of the 
opening when the valve actuator is at the closing position, 

an actuator stop surface that engages the stop when the valve 
actuator is at the closing position, and 

a valve rod disposed between the actuator sealing surface and the 
actuator stop surface, wherein when the valve actuator is at the closing position, 
the valve rod is compressed to a length that is shorter than a length of the valve 
rod when the valve actuator is at the opening position. 

22. (New) The injection valve of claim 21, wherein the stop surface of 
the actuator is significantly larger than the sealing surface. 

23. (New) The injection valve of claim 21, wherein the valve actuator is 
formed with a one-part or a two-part valve rod. 

24. (New) The injection valve of claim 23, wherein the valve actuator 
contains a valve body, which is positioned at a front face of the valve rod and 
contains the sealing surface of the actuator. 



» 
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25. (New) The injection valve of claim 24, wherein the valve body has 
the configuration of a sphere. 

26. (New) The injection valve of claim 23, wherein the sealing surface of 
the valve actuator is a front face of the valve rod. 

27. (New) The injection valve of claim 23, wherein the valve rod is 
axially movably guided in a guide bushing. 

pi 28. (New) The injection valve of claim 27, wherein a guide bushing is 

42 disposed near the actuator sealing surface. 

P 29. (New) The injection valve of claim 23, wherein the length of the 

u •»*»» 

valve rod is a multiple of its diameter. 
f]j 30. (New) The injection valve of claim 21 further comprising a disk- 

- ,, 

yy shaped insert having a first end face that includes the sealing surface, and a 

VMM It 

5 =? second end face adjoining a control pressure space. 

31. (New) The injection valve of claim 30, wherein the insert has a first 
part, which includes the opening and a discharge choke, and a second part, 
which includes a borehole that connects the control pressure space with the 
opening. 

32. (New) The injection valve of claim 31, wherein the second part of 
the insert includes an inlet choke, which is connected with the borehole. 

33. (New) The injection valve of claim 30, wherein the insert includes 
an inlet choke. 

34. (New) The injection valve of claim 30, wherein the control pressure 
space is connected to the inlet choke. 
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35. (New) The injection valve of claim 30 comprising a valve needle 
having an end disposed in the control pressure space. 

36. (New) The injection valve of claim 35, wherein the insert part forms 
a stop for the valve needle. 

37. (New) The injection valve of claim 30 further comprising a centering 
and holding clamp and a sleeve, wherein the insert part, the centering and 
holding clamp and the sleeve, in which the valve rod and the guide bushing that 
includes the actuator stop surface are placed, form a structural unit, which can 
be pre-adjusted in relation to the valve rod. 

IN THE ABSTRACT: 

Please add an Abstract of the Disclosure submitted herewith on a separate 

page. 
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REMARKS 



Entry of the amendments to the specification, claims and abstract before 
examination of the application is respectfully requested. 

If there are any questions regarding this amendment or the application in 
general, a telephone call to the undersigned would be appreciated since this 
should expedite the prosecution of the application for all concerned. 



CROWELL & MORING, LLP 
Intellectual Property Group 
P.O. Box 14300 
Washington, DC 20044-4300 
Telephone No.: (202) 624-2500 
Facsimile No.: (202) 628-8844 
DDE:SZ:tlm 



Respectfully submitted, 




Donald D. Evenson 
Registration No. 26,160 
Song Zhu 

Registration No. 44,420 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

1. (Amended) An injection valve for an internal combustion engine 
[with] comprising: a control valve, which is activated especially 
electromagnetically and, by means of a valve actuator [(12)] , alternatively closes 
off or opens up an opening [(14a)] for the passages of a fluid, which is assigned to 
a sealing surface [(13, 17)] and, by these means, controls the pressure in a 
control pressure space [(14)], which is connected with the passage opening, the 
valve actuator [(12)], in addition to an actuator sealing surface [(16a)], which 
acts together with the sealing surface [(17)] of the opening [(14a)] for the passage 
of fluid, having an actuator stop surface [(12a)], which is disposed at a distance 
from the actuator sealing surface [(16a)] , the valve actuator [(12)] having a valve 
rod [(16)] which, in relation to the distance between the sealing surface [(16a)] 
and the stop surface [(12a)] of the actuator has an overlength, wherein, during 
the closing movement, the overlength is taken up by the elastic deformation of 
the valve rod [(16)]. 

2. (Amended) The injection valve of claim 1, wherein the stop surface 
[(12 a)] of the actuator is significantly larger than the sealing surface [(16a)]. 

3. (Amended) The injection valve of [claims 1 or 2] claim 1 , wherein 
the valve actuator [(12)] is formed with a one-part or a two-part valve rod [(16)]. 

4. (Amended) The injection valve of claim 3, wherein the valve 
actuator [(12)] contains a valve body [(30)], which touches the front face of the 
valve rod [(16)] and contains the sealing surface [(16a)] of the actuator. 
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5. (Amended) The injection valve of claim 4, wherein the valve body 
[(30)] is constructed as a sphere, which interacts with the opening [(14a)] for the 
passage of fluid, forming a seal. 

6. (Amended) The injection valve of claim 3, wherein the sealing 
surface [(16a)] of the actuator is the front face of the valve rod [(16)] formed by 
the valve actuator [(12)]. 

7. (Amended) The injection valve of [one of the claims 3 to 6] claim 3 , 
wherein the valve actuator [(12)] is essentially mushroom-shaped, the stem of 
the mushroom forming the valve rod [(16)] and the stop surface [(12a)] of the 
actuator being an annular collar, concentrically surrounding the valve rod [(16)] 
in the region of the mushroom cap. 

8. (Amended) The injection valve of [one of the claims 3 to 7] claim 3 , 
wherein the valve actuator [(12)] is divided in a dividing joint [120] into an 
actuator stop, having the stop surface [(12a)] of the actuator, and a valve rod 
[(16)], which is in operative connection with the sealing surface [(16a)] and the 
stop of the actuator. 

9. (Amended) The injection valve of [one of the claims 3 to 8] claim 3 , 
wherein the actuator stop is essentially mushroom-shaped, the stop surface 
[(12a)] of the actuator being an end face, contacting the valve rod [(16)] in the 
region of the foot of the mushroom. 
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10. (Amended) The injection valve of [one of the claims 3 to 9] claim 3 , 
wherein the valve rod [(16)] is guided axially movably in at least one guide 
bushing [(15o, 15u)]. 

11. (Amended) The injection valve of claim 10, wherein a guide 
bushing [(15u)] is disposed at a small distance from the sealing surface [(16a)] of 
the actuator. 

12. (Amended) The injection valve of [one of the claims 3 to 11] 
claim 3 , wherein the length of the valve rod [(16)] is a multiple of its diameter. 

13. (Amended) The injection valve of [claims 1 to 12] claim 1 , wherein 
the sealing surface [(17)] is formed in the end face of a disk-shaped insert part 
[(32)] and adjoins the control pressure space [(14)] on the side averted from the 
sealing surface [(17)]. 

14. (Amended) The injection valve of claim 13, wherein the insert part 
[(32)] is formed in two parts with a first part [(37)], which contains an opening 
[(14a)] for the passage of fluid and a discharge choke [(33)] and a second part 
[(34)] at the control pressure space side, with a borehole [(35)], which connects 
the control pressure space [(14)] with an opening [(14a)] for the passage of fluid. 

15. (Amended) The injection valve of claim 14, wherein the second 
part [(34)] contains an inlet choke [(36)], which is connected with the borehole 
[(35)]. 
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16. (Amended) The injection valve of claim 13, wherein the insert part 
[(32)] contains an inlet choke [(36)] in addition to the outlet choke [(33)]. 

17. (Amended) The injection valve of [claims 13 or 14] claim 13 , 
wherein the control pressure space [(14)] is connected with an inlet choke [(36)]. 

18. (Amended) The injection valve of [one of the claims 13 to 17] 
claim 13 , wherein the rear end of the valve needle [(20)] , averted from the nozzle 
needle seat surface, lies in the control pressure space [(14)]. 

19. (Amended) The injection valve of claim 18, wherein the insert part 
[(32)] forms a stop for the valve needle [(20)] . 

20. (Amended) The injection valve of [one of the claims 13 to 19] 
claim 13 , wherein the insert part [(32)] , a centering and holding clamp [(39)] and 
a sleeve [(38)], in which at least one valve rod [(16)] and at least one guide 
bushing [(15o, 15u)] with the actuator stop surface [(12a)] is taken up, form a 
structural unit, which can be pre-adjusted by itself in relation to the protrusion 
of the valve rod. 
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PATENT 
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Title: 



WOLFGANG SCHEIBE ET AL 

TO BE ASSIGNED PCTNO.: PCT/EP00/04815 

FEBRUARY 19, 2002 

INJECTION VALVE FOR AN INTERNAL COMBUSTION 
ENGINE 

SUBMISSION OF SUBSTITUTE SPECIFICATION 



Commissioner for Patents 
Washington, D.C. 20231 



February 19, 2002 



Sir: 



Attached is a Substitute Specification and a marked-up copy of the 



original specification. I certify that said substitute specification contains no new 
matter and includes the changes indicated in the marked-up copy of the original 



specification. 



CROWELL & MORING, LLP 
Intellectual Property Group 
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Washington, DC 20044-4300 
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Donald D. Evenson 
Registration No. 26,160 
Song Zhu 

Registration No. 44,420 
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INJECTION VALVE FOR AN INTERNAL COMBUSTION ENGINE 

BACKGROUND AND SUMMARY OF THE INVENTION 

The invention relates to an injection valve for an internal combustion 
engine with a control valve, which is activated electromagnetically and, by 
means of a valve actuator, alternatively closes or opens an opening for the 
passages of a fluid and, by these means, controls the pressure in a control 
pressure space, which is connected with the passage opening. 

A conventional injection valve is shown in Figure 2 of the European patent 
EP 0531 533 Bl. The valve actuator of this injection valve is permanently 
connected with the armature of the electromagnet and is pressed by the force of a 
spring against the sealing surface to close the passage opening to the control 
pressure space. Such injection valves are usually used for storage injection 
systems, which utilizes very high control pressures in the order of several 
hundred bar. By supplying current to the electromagnet, the valve actuator, 
which is connected with the armature of the magnet, is raised against the force 
of a spring, to open the passage opening and to decrease the high pressure in the 
control pressure space. The injection in the injection valve is then initiated by 
the decrease in pressure in the control pressure space. By switching off the 
current to the magnetic coil, the magnet armature and the valve actuator, which 
usually is constructed as a cylindrical bolt, strike under the force of the spring 
with its front surface against the sealing surface and close the passage opening. 
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A good sealing effect of the valve actuator against the very high pressure in the 
control pressure space is achieved by a valve actuator, which has the smallest 
possible cross sectional surface and a smallest possible diameter. The smallest 
possible diameter for the valve actuator is advantageous because errors in angle 
resulting from manufacturing inaccuracies, do not lead to leakage gaps. Errors 
in angle are deviations in the alignment of the face surface of the valve actuator 
q with the associated sealing seat surface. Finally, a high sealing seat pressure 
JS and, with that, a more accurate control, are a third reason for having a valve 

actuator with the smallest possible diameter. 

jU It is, however, a disadvantage of a valve actuator having a small diameter 

M and a the small face surface that the seating impact at the valve opening may be 

P impermissibly high. A further disadvantage is that the closing motion of the 

magnet armature and of the valve actuator, which together form an appreciable 
inertial mass, are retarded with little damping to zero, so that recoil effects 
occur. The largest possible diameter and a correspondingly large face surface 
would be desirable for a dampened braking. 

It is an object of the present invention to develop an injection valve of the 
aforementioned construction in such a manner that the above-indicated conflict 
is resolved, and a high accuracy of the control valve is achieved even at 
extremely high pressures. At the same time, impermissibly high valve wear due 
to the impact movement of the valve actuator element is avoided. 
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Pursuant to the invention, this objective is accomplished by a valve 
actuator that has an actuator stop surface disposed at a distance from the 
actuator-sealing surface which interacts with the sealing surface of the opening 
for passage of fluid. 

Due to the inventive, spatial separation of the actuator-sealing surface 
from the actuator stop surface, contrary requirements with respect to the sealing 

if* "?i 

S function and the impact damping function can be met at the same time. 

I] pp. ^rt 

■J3 Accordingly, in an advantageous development of the invention, the actuator stop 

W surface is significantly larger than the actuator-sealing surface. The locally 

re separate construction of actuator stop surface and actuator sealing surface 
furthermore has the advantage that high fluid pressures, such as those in the 

O regions of the opening for the passage of fluid and the sealing surface of the 

n § 

actuator, can be shifted locally from the electromagnet to protect the 
electromagnet against high hydraulic pressure. Finally, a further advantage is 
that the electromagnet can be protected better against the effect of the physical 
and chemical properties of the control fluid. 

In a preferred embodiment of the inventive injection valve, the sealing 
surface of the actuator is the face side of a valve rod, formed by the valve 
actuator. In a different preferred embodiment, the valve actuator comprises a 
spherical valve body, which lies against the face side of the valve rod and acts 
together with the conical sealing surfaces of the passage opening. Moreover, the 
length of the valve rod is determined essentially by the distance between the 
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sealing surface of the actuator, or of the valve body stop of the valve rod, and the 
stop surface of the actuator. It is advantageous if the valve actuator is 
essentially mushroom -shaped, and the stalk of the mushroom forms the valve 
rod and the stop surface of the actuator. The mushroom cap of the valve 
actuator is an annular collar, which surrounds the valve rod concentrically. 

The length of the valve rod is longer by a minimum amount than the 
distance between the sealing surface of the opening for the passage of fluid or the 
valve body stop of the valve rod and the reference stop for the stop surface of the 
actuator. 

A preferred embodiment of the invention includes a valve actuator divided 
at a separating joint into an actuator stop having an actuator stop surface and a 
valve rod, which is in operative connection with the sealing surface and the stop 
of the actuator. 

It is a significant advantage of this invention that the valve rod with a 
smaller diameter can be more easily produced independently of the actuator stop. 
A further advantage is that different materials can be used for the valve rod and 
the actuator stop. For the divided construction of the valve actuator, it is only 
necessary to ensure that the opening motion of the valve rod, that is, the lifting 
from the sealing surface, is ensured by excess pressure from the opening for the 
passage of fluid or by a supporting, auxiliary spring. The slight excess length of 
the valve rod, in relation to the distance between the sealing surface of the 
actuator or the stop of the valve body and the stop surface of the actuator (valve 
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rod protrusion), can be accommodated during the closing motion by the elastic 
deformation (shortening) of the valve rod. 

It is advantageous if the actuator stop is essentially mushroom-shaped, 
the actuator stop surface being a face surface coming into contact with the valve 
rod in the region of the foot of the mushroom. Usually, the face surface will be a 
circular surface, the diameter of which is clearly greater than the diameter of the 
impacting valve rod. 

In a further development of the invention, the valve rod is guided axially 
movably in guide bushings. Moreover, in an effort to keep the sealing surface of 
the actuator small, a guide bushing is disposed at a small distance from the 
actuator-sealing surface of the valve rod. In this way, bending vibrations of the 
free end of the valve rod with the actuator sealing surface are prevented, so that 
the diameter of the actuator sealing surface need only be slightly larger than 
that of the passage borehole. 

The length of the valve rod preferably is a multiple of its diameter. 

In an advantageous development, the sealing surface of the actuator is 
assigned to a one-part or two-part disk-shaped insert, the control-pressure space 
adjoining on the side averted from the sealing surface. From a material point of 
view, the appropriate insert can be adapted with little effort to different stress 
cases and, by these means, the seal can be improved. With that, of course, by 
means of parts with different throttling boreholes, which can be combined in 
modular fashion, supplying and discharging throttles being assigned to different 
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parts, it also being possible to comply with the different requirements of injection 
characteristics in a simple manner. 

BRIEF DESCRIPTON OF THE DRAWINGS 

An example of the invention is explained by means of the attached 
drawings, in which 

Figure 1 shows an inventive injection valve in longitudinal section, 

Figure 2 shows an enlargement of the region of the electromagnetic control 
valve of the injection valve of Figure 1, 

Figure 3 shows a section of an electromagnetic control valve of the state of 
the art on a scale, greatly enlarged even more in comparison to that of Figure 2, 

Figure 4 shows a variation of the injection valve with an insert in the 
region of the sealing surface of the actuator, 

Figure 5 shows an enlarged view of the immediate region of the actuator 
surface with a spherical valve body disposed at the end of the valve rod and 

Figure 6 shows a variation of an inventive injection valve in longitudinal 
section, the valve needle lying with its end, which is averted from the injection 
openings, directly in the control pressure space. 

DETAILED DESCRIPTON OF THE DRAWINGS 

The injection valve of a high-pressure, storage injection system for an 
internal combustion engine, shown in Figure 1, has a housing 1. In the lower 
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region of the injection valve, a valve needle 20 is mounted. The axial movement 
of the valve needle 20 opens an injection hole 24 connected to a high pressure 
space 21 so that an injection takes place. The high-pressure space 21 is 
connected with a high-pressure connection 22 through ducts in the housing 1. 
The movement of the nozzle needle 20 is controlled by an electromagnet 10, the 
magnet armature 11 of which is permanently connected with a valve actuator 12. 
The valve actuator 12 is part of a control valve, which is actuated by the 
electromagnet 10. The function of this electromagnetically actuated control 
valve is explained with reference to Figure 2. 

Identical components in Figure 2 have been given the same reference 
numbers as used in Figure 1. The actuator 12 is essentially mushroom-shaped. 
The stem of the mushroom is constructed as a valve rod 16, which extends from 
the region of the mushroom cap up to the sealing surface 17 having an opening 
14a for the passage of fluid from the pressure control space 14. The diameter of 
the valve rod 16 is selected so that the face surface just covers the opening 14a 
for the passage of fluid and thus forms a sealing seat on the sealing surface 17. 
It can be seen easily that the length of the valve rod 16 is a multiple of its 
diameter. The pressure control space 14 is connected over a throttle borehole 
with the high-pressure duct system of the injection valve. At the housing, the 
actuator 12 is mounted axially displaceably by the valve rod 16 in an upper guide 
bushing 15o and a lower guide bushing 15u. Moreover, the lower guide bushing 
15u is disposed so that there is only a small distance between the lower end of 
the valve rod 16, which is constructed as an actuator surface 16a, and the bottom 
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edge of the lower guide bushing 15u. The annular space 18, which is formed 
there, is connected with a low-pressure fluid connection 19 of the injection valve. 
In the closed position of the electromagnetic control valve, shown in Figure 2, the 
actuator sealing surface 16a of the valve rod 16 closes off the borehole 14a. An 
annular collar, surrounding the valve rod 16 concentrically in the region of the 
mushroom cap of the actuator 12, is constructed as an actuator stop surface 12a 
and rests on the upper plane surface of the bushing 15o. In the closed position of 
the electromagnetic control valve that is shown, the valve actuator 12, together 
with the magnet armature 11, is acted upon by a compression spring, the details 
of which are not shown and which presses the actuator 12 against the sealing 
surface 17 and onto the upper side of the upper guide bushing 15o, which acts as 
reference stop for the stop surface 12a of the actuator 12. If electric power is 
supplied to the electric magnet 10, the magnetic armature 11 pulls the actuator 
12 up against the force of the compression spring. As a result, the borehole 14a 
for the passage of fluid is opened, and a pressure decrease results in the control 
pressure space 14, which brings about a lifting of the valve needle 20 and, with 
that, an injection. When the power is switched off, the force of the compression 
spring knocks the valve actuator 12, together with the armature of the magnet 
11, downward. Moreover, the stop surface 12a of the actuator 12, which is much 
larger than sealing surface 16a of the actuator of the valve rod 16, acts strictly as 
a damping and stop surface for decaying the mass forces of the magnet armature 
and of the valve actuator. At the lower end of the valve rod 16, the very much 
smaller sealing surface 16a of the actuator 12 takes over the function of a sealing 



-8- 



Substitute Specification - PCT/EP00/04815 
Attorney Docket No. 842FR/50684 



seat and, because of the small surface itself, does so with great accuracy and 
without the risk of leakages even at extremely high control pressures. 

The risk of leakage in a conventional injection valve is indicated by means 
of a greatly enlarged representation of Figure 3. The structure of this valve is 
similar to that shown in Figures 1 and 2, with the difference that the opening 
14a for the passage of fluid, which is connected to the control pressure space 14, 
is at housing surface 13, which has the function of both a stop and a sealing 
surface. The valve actuator 12 once again has a mushroom shape, but does not 
have the inventive valve rod 16. In order for the damping and impact effect of 
the valve actuator 12 not to become too small, the diameter of the sealing seat 
and impact surface is selected to be clearly larger than the diameter of the 
opening 14a for the passage of fluid. Therefore, there is the risk that an angular 
error, that is, a deviation of the sealing and stop surface from precisely a right 
angle with respect to the longitudinal axis of the valve actuator 12 may produce, 
a small gap 5, even when the valve actuator 12 is in contact with the housing 
surface 13. Such a small gap can result in a permanent drop in pressure in the 
high pressure region 14. 

A region of an injection valve, which corresponds to that of Figure 2 and is 
modified in the region of the actuator-sealing surface, is shown in Figure 4. As 
shown on an enlarged scale in Figure 6, the valve rod 16 acts on a valve body 30, 
which is constructed as a sphere. The valve body 30 lies in contact with a 
conically shaped sealing surface 17 of the opening 14a for the passage of fluid. 
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The opening 14a for the passage of fluid contains a discharge choke 33. The use 
of a separate valve body 30, which may also have a shape different from that of a 
sphere, has the advantage that the sealing is improved. In particular, it is also 
possible to use different materials for the valve rod 16 and the valve body 30. A 
further improvement of the sealing arises from the use of an insert part in the 
form of a disk-shaped part 37, which contains the drainage choke 33. With 
r 3 respect to the material and the borehole of the choke, this part 37 can easily be 

4* matched optimally to different stress cases. By making available insert parts 

5*1 with choke boreholes of different size, it is furthermore possible to vary the 

g injection characteristics by a simple exchange. Likewise, it is possible to make 

#T«.» 

•• s* 

ry available second parts 34 with different inlet chokes 36, in order to match the 

f: injection characteristics by a simple exchange. This procedure of changing the 

amount injected and the course of the injection by replacing first and second 
insert parts with different chokes is known, as such, from the EP 0 844 385 Al. 
By means of a centering and holding clamp 39, the part 37 is connected with a 
sleeve 38, in which the valve rod 16 with its guide bushings 15o and 15u is 
disposed. These parts form a structural unit, which can be adjusted by 
themselves in relation to the projecting length of the valve rod. 

Figure 5 shows an inventive injection valve, which also contains a disk- 
shaped insert part 32. The control pressure space 14 adjoins immediately the 
side of the insert part 32, which is averted from the sealing surface 17. With its 
rear end, the nozzle needle 20 lies directly in the pressure control space 14. The 
insert part 32 is incorporated between the nozzle holder and the injection nozzle 
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40. The injection nozzle 40 and the insert part 32 are pressed against the nozzle 
holder by a nozzle nut, so that the high pressure regions are connected with one 
another. The insert part 32 has a central borehole as an opening 14a for the 
passage of fluid to the control pressure space 14 and a calibrated discharge choke 
33 in the region opposite the valve rod 16. In addition, the insert part 32 
contains a high-pressure duct 41, which passes the fuel under injection pressure 
from a high-pressure connection 22 to a high-pressure duct in the injection 
nozzle. The high-pressure duct 41 in the insert part 32 has a pipeline connection 
to the central borehole in the insert part 32 and there is a calibrated inlet choke 
36 in this pipeline connection. Preferably, as shown in Figure 6, the insert part 
has a conical sealing surface 17, in which a spherical valve body 30 provides the 
seal. A corresponding construction is known from US patent 5,832,899. 

In its function, the injector corresponds to that described in Figures 1 
and 2. Because of the construction with the control spaces assigned directly to 
the two sides of the insert part, the sealing is reduced essentially to this region, 
which can easily be controlled. In particular, by making available a suitable 
insert part, it is easily possible to react to different stress cases and to different 
requirements with regard to the amount injected and to the course of the 
injection. 
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INJECTION VALVE FOR AN INTERNAL COMBUSTION ENGINE 
BACKGROUND AND SUMMARY OF THE INVENTION 

The invention relates to an injection valve for an internal combustion 
engine with a control valve, which is activated electromagnetically and, by 
means of a valve actuator, alternatively closes [off] or opens [up] an opening for 
the passages of a fluid and, by these means, controls the pressure in a control 
pressure space, which is connected with the passage opening. 



[An] A conventional injection valve [with the aforementioned 



distinguishing features is known from] is shown in Figure 2 of the European 
patent EP 0531 533 Bl. The valve actuator of [the known] this injection valve is 



permanently connected with the armature of the electromagnet and is pressed by 
the force of a spring against the sealing surface [, so that] to close the passage 
opening to the control pressure space [is closed]. Such injection valves are 
usually used for storage injection systems, [where] which utilizes very high 
control pressures [of] in the order of several hundred [100] bar [occur]. By 
supplying current to the electromagnet, the valve actuator, which is connected 
with the armature of the magnet, is raised against the force of a spring, to open 
[so that] the passage opening [is opened up] and[, by these means,] to decrease 
the high pressure in the control pressure space [can be decreased]. The injection 
in the injection valve is then initiated by the decrease in pressure in the control 
pressure space. By switching off the current to the magnetic coil, the magnet 
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armature and[, with that,] the valve actuator, which usually is constructed as a 
cylindrical bolt, strike [s] under the force of the spring with its front surface 
against the sealing surface and[, with that,] close [s] the passage opening. A good 
sealing effect of the valve actuator against the very high pressure in the control 
pressure space is achieved by a valve actuator, which has the smallest possible 
cross sectional surface and[, with that,] a small est possible diameter. The 
smallest possible diameter for the valve actuator is advantageous because [aimed 
for also for the reason that] errors in angle [, that is, deviations in the alignment 
of the face surface the valve actuator with the associated sealing seat surface,] 
resulting from manufacturing inaccuracies, do not lead to leakage gaps. Errors 
in angle are deviations in the alignment of the face surface of the valve actuator 
with the associated sealing seat surface. Finally, a high sealing seat pressure 
and, with that, a more accurate control, are a third reason for having a valve 
actuator with the smallest possible diameter [and therefore a more accurate 
control] . 

It is, however, a disadvantage of [the small diameter of the] a valve 
actuator having a small diameter and[, with that, of] a the small face surface 
that the seating impact at the valve opening may be [possibly is] impermissibly 
high. A further disadvantage [of the small diameter of the valve actuator] is 
[seen therein] that the closing motion of the magnet armature and of the valve 
actuator, which together form an appreciable inertial mass, are retarded with 
little damping to zero, so that recoil effects occur. The largest possible diameter 
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and[, with that,] a correspondingly large face surface would be desirable for a 
dampened braking. 

it is an object of the present invention to develop an injection valve of the 
aforementioned construction in such a manner[J that the above-indicated 
[target] conflict is resolved., and[, by these means,] a high accuracy of the control 
valve is achieved even at extremely high pressures . At [and, at] the same time, 
impermissibly high valve wear due to the impact movement of the valve actuator 
element is avoided. 

Pursuant to the invention, this objective is accomplished [owing to the fact 
that the] by a valve actuator[, which is actuated by electromagnets, in addition to 
an actuator-sealing surface, which interacts with the sealing surface of the 
opening for passage of fluid,] that has an actuator stop surface [, which is] 
disposed at a distance from the actuator-sealing surface which interacts with the 
sealing surface of the opening for passage of fluid . 

Due to the inventive, spatial separation of the actuator-sealing surface 
from the actuator stop surface, contrary requirements with respect to the sealing 

■ 

function [on the one hand] and the impact damping function [on the other] can be 

met at the same time [realized simultaneously]. Accordingly, in an 

advantageous development of the invention, [it is proposed that] the actuator 
stop surface is [be] significantly larger than the actuator-sealing surface. The 
locally separate construction of actuator stop surface and actuator sealing 
surface furthermore has the advantage that high fluid pressures, such as [those, 
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which occur] those in the regions of the opening for the passage of fluid [and, 
with that, in the region of] and the sealing surface of the actuator, can be shifted 
locally from the electromagnet [and, in this respect,] to protect the electromagnet 
[is protected] against high hydraulic pressure. Finally, a further advantage [lies 
therein] is that the electromagnet can be protected better against the effect of the 
physical and chemical properties of the control fluid. 

In [For] a preferred embodiment of [an] the inventive injection valve, the 
sealing surface of the actuator is the face side of a valve rod, formed by the valve 
actuator. In a differentf,] preferred[,] embodiment, the valve actuator comprises 
a spherical valve body, which lies against the face side of the valve rod and acts 
together with the conical sealing surfaces of the passage opening. Moreover, the 
length of the valve rod is determined essentially by the distance between the 
sealing surface of the actuator^ or of the valve body stop of the valve rod,, and the 
stop surface of the actuator. It is advantageous if the valve actuator is 
essentially mushroom-shaped, and the stalk of the mushroom [forming] forms 
the valve rod and the stop surface of the actuator [, in the region of the] . The 
mushroom cap[,] of the valve actuator is an annular collar, which surrounds the 
valve rod concentrically. 

The length of the valve rod is [larger] longer by a minimum amount than 
the distance between the sealing surface of the opening for the passage of fluid or 
the valve body stop of the valve rod and the reference stop for the stop surface of 
the actuator. 
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A preferred embodiment of the invention [therefore is one wherein the] 
includes a valve actuator [is] divided at a separating joint into an actuator stop 
having an actuator stop surface and a valve rod, which is in operative connection 
with the sealing surface and the stop of the actuator. 

It is a significant advantage of this [inventive, divided configuration of the 
valve actuator] invention that the valve rod with a smaller diameter [. the 
diameter of which is distinctly smaller,] can be more easily produced [more 
easily] independently of the actuator stop. A further advantage [lies therein] is 
that different materials can be used for the valve rod and the actuator stop. For 
the divided construction of the valve actuator, it is only necessary to ensure that 
the opening motion of the valve rod, that is, the lifting from the sealing surface, 
is ensured by excess pressure from the opening for the passage of fluid or by a 
supporting, auxiliary spring. The slight excess length of the valve rod A in 
relation to the distance between the sealing surface of the actuator or the stop of 
the valve body and the stop surface of the actuator (valve rod protrusion^ can be 
accommodated during the closing motion by the elastic deformation (shortening) 
of the valve rod. 

It is advantageous if the actuator stop is essentially mushroom-shaped, 
the actuator stop surface being a face surface coming into contact with the valve 
rod in the region of the foot of the mushroom. Usually, the face surface will be a 
circular surface, the diameter of which is clearly greater than the diameter of the 
impacting valve rod. 
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In a further development of the invention, [it is proposed that] the valve 
rod [be] is guided axially movably in guide bushings. Moreover, in an effort to 
keep the sealing surface of the actuator small, a guide bushing is disposed at a 
small distance from the actuator-sealing surface of the valve rod. In this way, 
bending vibrations of the free end of the valve rod with the actuator sealing 
surface are prevented, so that the diameter of the actuator sealing surface need 
only be slightly larger than that of the passage borehole. 

The length of the valve rod preferably is a multiple of its diameter. 

In an advantageous development, the sealing surface of the actuator is 
assigned to a one-part or two-part disk-shaped insert, the control-pressure space 
adjoining on the side averted from the sealing surface. From a material point of 
view, the appropriate insert can be adapted with little effort to different stress 
cases and, by these means, the seal can be improved. With that, of course, by 
means of parts with different throttling boreholes, which can be combined in 
modular fashion, supplying and discharging throttles being assigned to different 
parts, it also being possible to comply with the different requirements of injection 
characteristics in a simple manner. 

BRIEF DESCRIPTON OF THE DRAWINGS 

An example of the invention is explained by means of the attached 
drawings, in which 

Figure 1 shows an inventive injection valve in longitudinal section, 
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Figure 2 shows an enlargement of the region of the electromagnetic control 
valve of the injection valve of Figure 1, 

Figure 3 shows a section of an electromagnetic control valve of the state of 
the art on a scale, greatly enlarged even more in comparison to that of Figure 2, 

Figure 4 shows a variation of the injection valve with an insert in the 
jf region of the sealing surface of the actuator, 

j?' r ' 

[q Figure 5 shows an enlarged view of the immediate region of the actuator 

Ly surface with a spherical valve body disposed at the end of the valve rod and 

O Figure 6 shows a variation of an inventive injection valve in longitudinal 

Jj section, the valve needle lying with its end, which is averted from the injection 

>_ HM • 

o 

flj openings, directly in the control pressure space. 

DETAILED DESCRIPTON OF THE DRAWINGS 

The injection valve of a high-pressure, storage injection system for an 
internal combustion engine, shown in Figure 1, has a housing 1. In the lower 
region of the injection valve, a valve needle 20 is mounted[, by thel . The axial 
movement of the valve needle 20 opens [which] an injection hole 24 connected to 
[opposite] a high pressure space 21 [can be opened up,] so that an injection takes 
place. The high-pressure space 21 is connected [over ducts in the housing 1] with 
a high-pressure connection 22 through ducts in the housing 1 . The movement of 
the nozzle needle 20 is controlled by an electromagnet 10, the magnet armature 
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11 of which is permanently connected with a valve actuator 12. The valve 
actuator 12 is part of a control valve, which is actuated by the [electromagnetic] 
electromagnet 10. The function of this electromagnetically actuated control 
valve is explained [by means of the enlargement of] with reference to Figure 2. 

Identical components in Figure 2 have been given the same reference 
numbers as used in Figure 1. The actuator 12 is essentially mushroom-shaped[, 

■Cm 

%i thel . The stem of the mushroom [being] is constructed as a valve rod 16, which 

yj extends from the region of the mushroom cap up to the sealing surface 17[, into 

UJ which] having an opening 14a for the passage of fluid from the pressure control 

2*5 

n 

JL space 14 [discharges]. The diameter of the valve rod 16 is selected so that the 

"*\ it 

face surface just covers the opening 14a for the passage of fluid and thus forms a 

»* 

"2 ?* 

CI seahng seat on the sealing surface 17. It can be seen easily that the length of the 

valve rod 16 is a multiple of its diameter. The pressure control space 14 is 
connected over a throttle borehole with the high-pressure duct system of the 
injection valve. At the housing, the actuator 12 is mounted axially displaceably 
by the valve rod 16 in an upper guide bushing 15o and a lower guide bushing 
15u. Moreover, the lower guide bushing 15u is disposed so that there is only a 
small distance between the lower end of the valve rod 16, which is constructed as 
an actuator surface 16a, and the bottom edge of the lower guide bushing 15u. 
The annular space 18, which is formed there, is connected with a low-pressure 
fluid connection 19 of the injection valve. In the closed position of the 
electromagnetic control valve, shown in Figure 2, the actuator sealing surface 
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16a of the valve rod 16 closes off the borehole 14a [for the passage of fluid]. An 
annular collar, surrounding the valve rod 16 concentrically in the region of the 
mushroom cap of the actuator 12, is constructed as an actuator stop surface 12a 
and rests on the upper plane surface of the bushing 15o. In the closed position of 
the electromagnetic control valve that is shown, the valve actuator 12, together 
with the magnet armature 11, is acted upon by a compression spring, the details 
of which are not shown and which presses the actuator 12 against the sealing 
surface 17 and[, at the same time,] onto the upper side of the upper guide 
bushing 15o, which acts as reference stop for the stop surface 12a of the actuator 
12. If electric power is supplied to the electric magnet 10, the magnetic armature 
11 pulls the actuator 12 up against the force of the compression spring[, so that],. 
As a result, the borehole 14a for the passage of fluid is opened,, and[, with that,] a 
pressure decrease results in the control pressure space 14, which brings about a 
lifting of the valve needle [12] 20 and, with that, an injection. When the power is 
switched off, the force of the compression spring knocks the valve actuator 12, 
together with the armature of the magnet 11, downward. Moreover, the stop 
surface 12a of the actuator 12, which is much larger than sealing surface 16a of 
the actuator of the valve rod 16, acts strictly as a damping and stop surface for 
decaying the mass forces of the magnet armature and of the valve actuator. At 
the lower end of the valve rod 16, the very much smaller sealing surface 16a of 
the actuator 12 takes over the function of a sealing seat and, because of the small 
surface itself, does so with great accuracy and without the risk of leakages even 
at extremely high control pressures. 
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[This] The risk of leakage in a conventional injection valve is indicated by 
means of a greatly enlarged representation of Figure 3 [of a conventional 
injection valve]. The structure of this [such a] valve is similar to that shown in 
Figures 1 and 2, [however] with the difference that the opening 14a for the 
passage of fluid, which is connected [with] to the control pressure space 14, is at 
[taken up to a] housing surface 13, which has the function of both a stop and a 
sealing surface. The valve actuator 12 once again has a [is constructed in] 
mushroom shape [fashion], but does not have the inventive valve rod 16. In 
order for [So that] the damping and impact effect of the valve actuator 12 [does] 
not to become too small, the diameter of the sealing seat and impact surface is 
selected to be clearly larger than the diameter of the opening 14a for the passage 
of fluid. [In this connection,] Therefore, there is the risk [must be accepted that, 
as a result of] that an angular error, that is, a deviation of the sealing and stop 
surface from precisely a right angle with respect to the longitudinal axis of the 
valve actuator 12 may produce , a small gap 5, even when the valve actuator 12 is 
in contac t with the housing surface 13. [which results in a permanent drop in 
pressure in the high pressure region 14, results even in the contacting state of 
the valve actuator 12.] Such a small gap can result in a permanent drop in 
pressure in the high pressure region 14. 

A region of an injection valve, which corresponds to that of Figure 2 and is 
modified in the region of the actuator-sealing surface, is shown in Figure 4. As 
shown on an enlarged scale in Figure [4] 6, the valve rod 16 acts on a valve body 
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30, which is constructed as a sphere. The valve body 30 lies in contact with a 
conically shaped sealing surface 17 of the opening 14a for the passage of fluid. 
The opening 14a for the passage of fluid contains a discharge choke 33. The use 
of a separate valve body 30, which may also have a shape different from that of a 
sphere, has the advantage that the sealing is improved. In particular, it is also 
possible to use different materials for the valve rod 16 and the valve body 30. A 
further improvement of the sealing arises from the use of an insert part in the 
form of a disk-shaped part 37, which contains the drainage choke 33. With 
respect to the material and the borehole of the choke, this part 37 can easily be 
matched optimally to different stress cases. By making available insert parts 
with choke boreholes of different size, it is furthermore possible to vary the 
injection characteristics by a simple exchange. Likewise, it is possible to make 
available second parts 34 with different inlet chokes 36, in order to match the 
injection characteristics by a simple exchange. This procedure of changing the 
amount injected and the course of the injection by replacing first and second 
insert parts with different chokes is known, as such, from the EP 0 844 385 Al. 
By means of a centering and holding clamp 39, the part 37 is connected with a 
sleeve 38, in which the valve rod 16 with its guide bushings 15o and 15u is 
[taken up] disposed . These parts form a structural unit, which can be adjusted 
by themselves in relation to the projecting length of the valve rod. 

Figure 5 shows an inventive injection valve, which also contains a disk- 
shaped insert part 32. The control pressure space 14 adjoins immediately the 
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side of the insert part 32, which is averted from the sealing surface 17. With its 
rear end, the nozzle needle 20 lies directly in the pressure control space 14. The 
insert part 32 is incorporated between the nozzle holder and the injection nozzle 
40. The injection nozzle 40 and the insert part 32 are pressed against the nozzle 
holder by a nozzle nut, so that the high pressure regions [, which are under high 
pressure,] are connected with one another. The insert part 32 has a central 
borehole as an opening 14a for the passage of fluid to the control pressure space 
14 and a calibrated discharge choke 33 in the region opposite the valve rod 16. 
In addition, the insert part 32 contains a high-pressure duct 41, which passes the 
fuel[, which is] under injection pressure [,] from a high-pressure connection 22 to 
a high-pressure duct in the injection nozzle. The high-pressure duct 41 in the 
insert part 32 has a pipeline connection to the central borehole in the insert part 
32 and there is a calibrated inlet choke 36 in this pipeline connection. 
Preferably, as shown in Figure [4] 6, the insert part has a conical sealing surface 
17, in which a spherical valve body 30 provides the seal. A corresponding 
construction is known from US patent 5,832,899. 

In its function, the injector corresponds to that described in Figures 1 
and 2. Because of the construction with the control spaces assigned directly to 
the two sides of the insert part, the sealing is reduced essentially to this region, 
which can easily be controlled. In particular, by making available a suitable 
insert part, it is easily possible to react to different stress cases and to different 
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requirements with regard to the amount injected and to the course of the 
injection. 
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INJECTION VALVE FOR AN INTERNAL COMBUSTION ENGINE 

The invention relates to an injection valve for an internal combustion engine with 
a control valve, which is activated electromagnetically and, by means of a valve actuator, 
alternatively closes off or opens up an opening for the passages of a fluid and, by these means, 
controls the pressure in a control pressure space, which is connected with the passage opening. 

An injection valve with the aforementioned distinguishing features is known from 
Figure 2 of the European patent EP 0531 533 Bl. The valve actuator of the known injection 
valve is permanently connected with the armature of the electromagnet and is pressed by the 
force of a spring against the sealing surface, so that the passage opening to the control pressure 
space is closed. Such injection valves are usually used for storage injection systems, where very 
high control pressures of the order of several 100 bar occur. By supplying current to the 
electromagnet, the valve actuator, which is connected with the armature of the magnet, is raised 
against the force of a spring, so that the passage opening is opened up and, by these means, the 
high pressure in the control pressure space can be decreased. The injection in the injection valve 
is then initiated by the decrease in pressure in the control pressure space. By switching off the 
current to the magnetic coil, the magnet armature and, with that, the valve actuator, which 
usually is constructed as a cylindrical bolt, strikes under the force of the spring with its front 
surface against the sealing surface and, with that, closes the passage opening. A good sealing 
effect of the valve actuator against the very high pressure in the control pressure space is 
achieved by a valve actuator, which has the smallest possible cross sectional surface and, with 
that, a small diameter. The smallest possible diameter for the valve actuator is aimed for also for 
the reason that errors in angle, that is, deviations in the alignment of the face surface the valve 
actuator with the associated sealing seat surface, resulting from manufacturing inaccuracies, do 
not lead to leakage gaps. Finally, a high sealing seat pressure and, with that, a more accurate 
control, are a third reason for having a valve actuator with the smallest possible diameter and 
therefore a more accurate control. 
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It is, however, a disadvantage of the small diameter of the valve actuator and, with 
that, of the small face surface that the seating impact at the valve opening possibly is 
impermissibly high. A further disadvantage of the small diameter of the valve actuator is seen 
therein that the closing motion of the magnet armature and of the valve actuator, which together 
form an appreciable inertial mass, are retarded with little damping to zero, so that recoil effects 
occur. The largest possible diameter and, with, that, a correspondingly large face surface would 
be desirable for a dampened braking. 

?3 It is an object of the present invention to develop an injection valve of the 

■ij aforementioned construction in such a manner, that the above-indicated target conflict is resolved 

03 and, by these means, a high accuracy of the control valve is achieved even at extremely high 

J5 pressures and, at the same time, impermissibly high valve wear due to the impact movement of 

n the valve actuator element is avoided. 

yi Pursuant to the invention, this objective is accomplished owing to the fact that the 

— - 

K valve actuator, which is actuated by electromagnets, in addition to an actuator-sealing surface, 
which interacts with the sealing surface of the opening for passage of fluid, has an actuator stop 
surface, which is disposed at a distance form the actuator-sealing surface. 

Due to the inventive, spatial separation of the actuator-sealing surface from the 
actuator stop surface, contrary requirements with respect to the sealing function on the one hand 
and the impact damping function on the other can be realized simultaneously. Accordingly, in an 
advantageous development of the invention, it is proposed that the actuator stop surface be 
significantly larger than the actuator-sealing surface. The locally separate construction of 
actuator stop surface and actuator sealing surface furthermore has the advantage that high fluid 
pressures, such as those, which occur in the region of the opening for the passage of fluid and, 
with that, in the region of the sealing surface of the actuator, can be shifted locally from the 
electromagnet and, in this respect, the electromagnet is protected against high hydraulic pressure. 
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Finally, a further advantage lies therein that the electromagnet can be protected better against the 
effect of the physical and chemical properties of the control fluid. 

For a preferred embodiment of an inventive injection valve, the sealing surface of 
the actuator is the face side of a valve rod, formed by the valve actuator. In a different, preferred, 
embodiment, the valve actuator comprises a spherical valve body, which lies against the face side 
of the valve rod and acts together with the conical sealing surfaces of the passage opening. 
Moreover, the length of the valve rod is determined essentially by the distance between the 
sealing surface of the actuator or of the valve body stop of the valve rod and the stop surface of 

■BE Km 

y the actuator. It is advantageous if the valve actuator is essentially mushroom-shaped, the stalk of 
J5 the mushroom forming the valve rod and the stop surface of the actuator, in the region of the 
m mushroom cap, is an annular collar, which surrounds the valve rod concentrically. 

i: : i! 
IT'*? 5m 

5 The length of the valve rod is larger by a minimum amount than the distance 

n j between the sealing surface of the opening for the passage of fluid or the valve body stop of the 
\^ valve rod and the reference stop for the stop surface of the actuator. 

A preferred embodiment of the invention therefore is one wherein the valve 
actuator is divided at a separating joint into an actuator stop having an actuator stop surface and a 
valve rod, which is in operative connection with the sealing surface and the stop of the actuator. 

It is a significant advantage of this inventive, divided configuration of the valve 
actuator that the valve rod, the diameter of which is distinctly smaller, can be produced more 
easily independently of the actuator stop. A further advantage lies therein that different materials 
can be used for the valve rod and the actuator stop. For the divided construction of the valve 
actuator, it is only necessary to ensure that the opening motion of the valve rod, that is, the lifting 
from the sealing surface, is ensured by excess pressure from the opening for the passage of fluid 
or by a supporting, auxiliary spring. The slight excess length of the valve rod in relation to the 
distance between the sealing surface of the actuator or the stop of the valve body and the stop 
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surface of the actuator (valve rod protrusion) can be accommodated during the closing motion by 
the elastic deformation (shortening) of the valve rod. 

It is advantageous if the actuator stop is essentially mushroom-shaped, the 
actuator stop surface being a face surface coming into contact with the valve rod in the region of 
the foot of the mushroom. Usually, the face surface will be a circular surface, the diameter of 
which is clearly greater than the diameter of the impacting valve rod. 

|U In a further development of the invention, it is proposed that the valve rod be 

f % guided axially movably in guide bushings. Moreover, in an effort to keep the sealing surface of 

ir the actuator small, a guide bushing is disposed at a small distance from the actuator-sealing 

03 surface of the valve rod. In this way, bending vibrations of the free end of the valve rod with the 

yjj 

£ actuator sealing surface are prevented, so that the diameter of the actuator sealing surface need 

JL only be slightly larger than that of the passage borehole. 

[j3 The length of the valve rod preferably is a multiple of its diameter. 

5 * ii 

In an advantageous development, the sealing surface of the actuator is assigned to 
a one-part or two-part disk-shaped insert, the control-pressure space adjoining on the side averted 
from the sealing surface. From a material point of view, the appropriate insert can be adapted 
with little effort to different stress cases and, by these means, the seal can be improved. With 
that, of course, by means of parts with different throttling boreholes, which can be combined in 
modular fashion, supplying and discharging throttles being assigned to different parts, it also 
being possible to comply with the different requirements of injection characteristics in a simple 
manner. 

An example of the invention is explained by means of the attached drawings, in 

which 

Figure 1 shows an inventive injection valve in longitudinal section, 
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Figure 2 



shows an enlargement of the region of the electromagnetic control valve of the 
injection valve of Figure 1, 



shows a section of an electromagnetic control valve of the state of the art on a 
scale, greatly enlarged even more in comparison to that of Figure 2, 

shows a variation of the injection valve with an insert in the region of the sealing 
surface of the actuator, 

shows an enlarged view of the immediate region of the actuator surface 
W with a spherical valve body disposed at the end of the valve rod and 

shows a variation of an inventive injection valve in longitudinal section, the valve 
needle lying with its end, which is averted from the injection openings, directly in 
the control pressure space. 

K • 'i 
- « 

The injection valve of a high-pressure, storage injection system for an internal 
combustion engine, shown in Figure 1, has a housing 1. In the lower region of the injection 
valve, a valve needle 20 is mounted, by the axial movement of which an injection hole 24 
opposite a high pressure space 21 can be opened up, so that an injection takes place. The high- 
pressure space 21 is connected over ducts in the housing 1 with a high-pressure connection 22. 
The movement of the nozzle needle 20 is controlled by an electromagnet 10, the magnet armature 
1 1 of which is permanently connected with a valve actuator 12. The valve actuator 12 is part of a 
control valve, which is actuated by the electromagnetic 10. The function of this 
electromagnetically actuated control valve is explained by means of the enlargement of Figure 2. 

Identical components in Figure 2 have been given the same reference numbers 
used in Figure 1. The actuator 12 is essentially mushroom-shaped, the stem of the mushroom 
being constructed as a valve rod 16, which extends from the region of the mushroom cap up to 
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the sealing surface 17, into which an opening 14a for the passage of fluid from the pressure 
control space 14 discharges. The diameter of the valve rod 16 is selected so that the face surface 
just covers the opening 14a for the passage of fluid and thus forms a sealing seat on the sealing 
surface 17. It can be seen easily that the length of the valve rod 16 is a multiple of its diameter. 
The pressure control space 14 is connected over a throttle borehole with the high-pressure duct 
system of the injection valve. At the housing, the actuator 12 is mounted axially displaceably by 
the valve rod 16 in an upper guide bushing 15o and a lower guide bushing 15u. Moreover, the 
lower guide bushing 15u is disposed so that there is only a small distance between the lower end 
of the valve rod 16, which is constructed as an actuator surface 16a, and the bottom edge of the 
JjJ lower guide bushing 15u. The annular space 18, which is formed there, is connected with a low- 
JK pressure fluid connection 19 of the injection valve. In the closed position of the electromagnetic 
Q3 control valve, shown in Figure 2, the actuator sealing surface 16a of the valve rod 16 closes off 

•I « H 

% the borehole 14a for the passage of fluid. An annular collar, surrounding the valve rod 16 

■ ■ concentrically in the region of the mushroom cap of the actuator 12, is constructed as an actuator 

fy stop surface 12a and rests on the upper plane surface of the bushing 15o. In the closed position 

% of the electromagnetic control valve that is shown, the valve actuator 12, together with the 

"wis? 

W magnet armature 11, is acted upon by a compression spring, the details of which are not shown 

It IV 

and which presses the actuator 12 against the sealing surface 17 and, at the same time, onto the 
upper side of the upper guide bushing 15o, which acts as reference stop for the stop surface 12a 
of the actuator 12. If electric power is supplied to the electric magnet 10, the magnetic armature 
11 pulls the actuator 12 up against the force of the compression spring, so that the borehole 14a 
for the passage of fluid is opened and, with that, a pressure decrease results in the control 
pressure space 14, which brings about a lifting of the valve needle 12 and, with that, an injection. 
When the power is switched off, the force of the compression spring knocks the valve actuator 
12, together with the armature of the magnet 11, downward. Moreover, the stop surface 12a of 
the actuator 12, which is much larger than sealing surface 16a of the actuator of the valve rod 16, 
acts strictly as a damping and stop surface for decaying the mass forces of the magnet armature 
and of the valve actuator. At the lower end of the valve rod 16, the very much smaller sealing 
surface 16a of the actuator 12 takes over the function of a sealing seat and, because of the small 
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surface itself, does so with great accuracy and without the risk of leakages even at extremely high 
control pressures. 

This risk is indicated by means of a greatly enlarged representation of Figure 3 of 
a conventional injection valve. The structure of such a valve is similar to that shown in Figures 1 
and 2, however with the difference that the opening 14a for the passage of fluid, which is 
connected with the control pressure space 14, is taken up to a housing surface 13, which has the 
function of a stop and sealing surface. The valve actuator 12 once again is constructed in 
mushroom fashion, but does not have the inventive valve rod 16. So that the damping and 
impact effect of the valve actuator 12 does not become too small, the diameter of the sealing seat 
and impact surface is selected to be clearly larger than the diameter of the opening 14a for the 
passage of fluid. In this connection, the risk must be accepted that, as a result of an angular error, 
that is, a deviation of the sealing and stop surface from precisely a right angle with respect to the 
longitudinal axis of the valve actuator 12, a small gap 5, which results in a permanent drop in 
pressure in the high pressure region 14, results even in the contacting state of the valve actuator 
12. 

A region of an injection valve, which corresponds to that of Figure 2 and is 
modified in the region of the actuator-sealing surface, is shown in Figure 4. As shown on an 
enlarged scale in Figure 4, the valve rod 16 acts on a valve body 30, which is constructed as a 
sphere. The valve body 30 lies in contact with a conically shaped sealing surface 17 of the 
opening 14a for the passage of fluid. The opening 14a for the passage of fluid contains a 
discharge choke 33. The use of a separate valve body 30, which may also have a shape different 
from that of a sphere, has the advantage that the sealing is improved. In particular, it is also 
possible to use different materials for the valve rod 16 and the valve body 30. A further 
improvement of the sealing arises from the use of an insert part in the form of a disk-shaped part 
37, which contains the drainage choke 33. With respect to the material and the borehole of the 
choke, this part 37 can easily be matched optimally to different stress cases. By making available 
insert parts with choke boreholes of different size, it is furthermore possible to vary the injection 
characteristics by a simple exchange. Likewise, it is possible to make available second parts 34 
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with different inlet chokes 36, in order to match the injection characteristics by a simple 
exchange. This procedure of changing the amount injected and the course of the injection by 
replacing first and second insert parts with different chokes is known, as such, from the EP 0 844 
385 Al. By means of a centering and holding clamp 39, the part 37 is connected with a sleeve 
38, in which the valve rod 16 with its guide bushings 15o and 15u is taken up. These parts form 
a structural unit, which can be adjusted by themselves in relation to the projecting length of the 
valve rod. 

Figure 5 shows an inventive injection valve, which also contains a disk- shaped 
insert part 32. The control pressure space 14 adjoins immediately the side of the insert part 32, 
which is averted from the sealing surface 17. With its rear end, the nozzle needle 20 lies directly 
in the pressure control space 14. The insert part 32 is incorporated between the nozzle holder 
and the injection nozzle 40. The injection nozzle 40 and the insert part 32 are pressed against the 
nozzle holder by a nozzle nut, so that the regions, which are under high pressure, are connected 
with one another. The insert part 32 has a central borehole as an opening 14a for the passage of 
fluid to the control pressure space 14 and a calibrated discharge choke 33 in the region opposite 
the valve rod 16. In addition, the insert part contains a high-pressure duct 41, which passes the 
fuel, which is under injection pressure, from a high-pressure connection 22 to a high-pressure 
duct in the injection nozzle. The high-pressure duct 41 in the insert part 32 has a pipeline 
connection to the central borehole in the insert part 32 and there is a calibrated inlet choke 36 in 
this pipeline connection. Preferably, as shown in Figure 4, the insert part has a conical sealing 
surface 17, in which a spherical valve body 30 provides the seal. A corresponding construction is 
known from US patent 5,832,899. 

In its function, the injector corresponds to that described in Figures 1 and 2. 
Because of the construction with the control spaces assigned directly to the two sides of the insert 
part, the sealing is reduced essentially to this region, which can easily be controlled. la 
particular, by making available a suitable insert part, it is easily possible to react to different 
stress cases and to different requirements with regard to the amount injected and to the course of 
the injection. 
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Claims 



1. An injection valve for an internal combustion engine with a control valve, 
which is activated especially electromagnetically and, by means of a valve actuator (12), 
alternatively closes off or opens up an opening (14a) for the passages of a fluid, which is 
assigned to a sealing surface (13, 17) and, by these means, controls the pressure in a control 
pressure space (14), which is connected with the passage opening, the valve actuator (12), in 
addition to an actuator sealing surface (16a), which acts together with the sealing surface (17) of 
the opening (14a) for the passage of fluid, having an actuator stop surface (12a), which is 
disposed at a distance from the actuator sealing surface (16a), the valve actuator (12) having a 
valve rod (16) which, in relation to the distance between the sealing surface (16a) and the stop 
surface (12a) of the actuator has an overlength, wherein, during the closing movement, the 
overlength is taken up by the elastic deformation of the valve rod (16). 

2. The injection valve of claim 1, wherein the stop surface (12a) of the actuator is 
significantly larger than the sealing surface (16a). 

3. The injection valve of claims 1 or 2, wherein the valve actuator (12) is formed 
with a one-part or a two-part valve rod (16). 

4. The injection valve of claim 3, wherein the valve actuator (12) contains a valve 
body (30), which touches the front face of the valve rod (16) and contains the sealing surface 
(16a) of the actuator. 

5. The injection valve of claim 4, wherein the valve body (30) is constructed as a 
sphere, which interacts with the opening (14a) for the passage of fluid, forming a seal. 

6. The injection valve of claim 3, wherein the sealing surface (16a) of the actuator 
is the front face of the valve rod (16) formed by the valve actuator (12). 



MODIFIED PAGE 



44 



Claims / 



1. An injection valve for an internal combustion engineAvith a control valve, 
which is activated especially electromagnetically and which, by means^of a valve actuator (12), 
alternatively closes off or opens up an opening (14a) for the passages of a fluid, which is 
assigned to a sealing surface (13, 17) and, by these means, controls the pressure in a control 
pressure space (14), which is connected with the passage opening, wherein the valve actuator 
(12), in addition to an actuator sealing surface (16a), which acts together with the sealing surface 

(17) of the opening (14a) for the passage of fluid, has* an actuator stop surface (12a), which is 

/ 

disposed at a distance from the actuator sealing surface (16a). 

/ 

s 

/ 

/ 

2. The injection valve of claifii 1, wherein the stop surface (12a) of the actuator is 
significantly larger than the sealing surface (16a) of the actuator. 

/ 

/ 

3. The injection valve of claims 1 or 2, wherein the valve actuator (12) is formed 

/ 
/ 

with a one-part or a multi-partXalve rod (16). 

/ 

4. The injection valve of claim 3, wherein the valve actuator (12) contains a valve 
body (30), which tojaehes the front face of the valve rod (16) and contains the sealing surface 
(16a) of the actuator. 



/ 5. The injection valve of claim 4, wherein the valve body (30) is constructed as a 

/ 

sphere, which interacts with the opening (14a) for the passage of fluid, forming a seal. 



/ 



/ 

/ 
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6. The injection valve of claim 3, wherein the sealing surface (16a) of the actuator 



J^the front face of the valve rod (16) formed by the valve actuator (12). 

7. The injection valve of one of the claims 3 to 6, wherein the valve actuator (12) 
is essentially mushroom-shaped, the stem of the mushroom forming the valve rod (16) and the 
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stop surface (12a) of the actuator being an annular collar, concentrically surrounding the valve 
rod (16) in the region of the mushroom cap. 

8. The injection valve of one of the claims 3 to 7, wherein the valve actuator (12) 
is divided in a dividing joint 120 into an actuator stop, having the stop surface (12a) of the 
actuator, and a valve rod (16), which is in operative connection with the sealing surface (16a) and 
the stop of the actuator. 

9. The injection valve of one of the claims 3 to 8, wherein the actuator stop is 
essentially mushroom- shaped, the stop surface (12a) of the actuator being an end face, contacting 
the valve rod (16) in the region of the foot of the mushroom. 

10. The injection valve of one of the claims 3 to 9, wherein the valve rod (16) is 
guided axially movably in at least one guide bushing (15o, 15u). 

11. The injection valve of claim 10, wherein a guide bushing (15u) is disposed at 
a small distance from the sealing surface (16a) of the actuator. 

12. The injection valve of one of the claims 3 to 11, wherein the length of the 
valve rod (16) is a multiple of its diameter. 

13. The injection valve of claims 1 to 12, wherein the sealing surface (17) is 
formed in the end face of a disk- shaped insert part (32) and adjoins the control pressure space 
(14) on the side averted from the sealing surface (17). 

14. The injection valve of claim 13, wherein the insert part (32) is formed in two 
parts with a first part (37), which contains an opening (14a) for the passage of fluid and a 
discharge choke (33) and a second part (34) at the control pressure space side, with a borehole 
(35), which connects the control pressure space (14) with an opening (14a) for the passage of 
fluid. 
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15. The injection valve of claim 14, wherein the second part (34) contains an inlet 
choke (36), which is connected with the borehole (35). 

16. The injection valve of claim 13, wherein the insert part (32) contains an inlet 
choke (36) in addition to the outlet choke (33). 

17. The injection valve of claims 13 or 14, wherein the control pressure space 
(14) is connected with an inlet choke (36). 

18. The injection valve of one of the claims 13 to 17, wherein the rear end of the 
valve needle (20), averted from the nozzle needle seat surface, lies in the control pressure space 
(14). 

19. The injection valve of claim 18, wherein the insert part (32) forms a stop for 
the valve needle (20). 

20. The injection valve of one of the claims 13 to 19, wherein the insert part (32), 
a centering and holding clamp (39) and a sleeve (38), in which at least one valve rod (16) and at 
least one guide bushing (15o, 15u) with the actuator stop surface (12a) is taken up, form a 
structural unit, which can be pre-adjusted by itself in relation to the protrusion of the valve rod. 
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